Introduction
Filaments are cold and dense plasma clouds suspended in the hot corona, stabilized by their magnetic field. They are called prominences when they appear above the solar limb. Tornado-like prominences (Pettit 1943 (Pettit , 1950 are one type of prominences that show tornado-like vertical structures. However, whether they are as same as the recently discovered -3 -solar tornadoes (Wedemeyer-Böhm et al. 2012 ) is still a question (Wedemeyer et al. 2013 ).
High-cadence EUV imagery of SDO/AIA revealed new details of tornado-like prominences (Li et al. 2012; Su et al. 2012; Panesar et al. 2013) . The phenomenon regained much attention, since it may be intimately linked to the formation of filaments as well as to instabilities leading to filament eruption (e.g. Su et al. 2012; Wedemeyer et al. 2013 ). Su et al. (2012) studied a tornado-like prominence in H-alpha, SDO and STEREO images, finding that those vertical structures are actually barbs of filaments and they appear to be rotating. They pointed out the possible connections among three phenomena, vortices (e.g. Brandt et al. 1988; Bonet et al. 2008; Attie et al. 2009 ), filaments and solar tornadoes. The role of vortices in generating rotating coronal structures has been discussed in Velli & Liewer (1999) and Wedemeyer-Böhm et al. (2012) . By tracking the magnetic elements in the photosphere, Su et al. (2012) identified a vortex under one of the tornado-like barbs. However, the method they used (DAVE, Schuck 2006) works best for strong magnetic fields. Therefore, the weak field strength (around 20 to 30 Gauss) in the studied region may not result in solid evidence. The paper lacked convincing evidence that these coronal structures in filament barbs are indeed rotating, which is important for the vortex-filament picture they proposed. Although rotating magnetic structures on solar surface have been observed before (the "solar cyclones", Zhang & Liu 2011) , the connection between them and filaments are not clear.
Meanwhile, other independent works provided supports for this interpretation. Wedemeyer-Böhm et al. (2012) detected individual solar magnetic tornadoes in the solar atmosphere. Their observations and simulation provided evidence that solar tornadoes are indeed driven by the underlying vortices. However, the structures they detected have smaller scale and much shorter lifetime, compared with tornado-like prominences. In a follow-up study, Wedemeyer et al. (2013) mapped the velocity field of a tornado-like prominence in H-alpha data and found -4 -a red-shifted and a blue-shifted region on the two sides of the prominence leg. This was a further step to identify the rotational motion previously detected along a single slit in prominence legs at He I 10830Å (Orozco Suárez et al. 2012 ).
These results suggest that plasma at the two sides of tornado-like prominence or filament barbs move oppositely in the line of sight (LOS), which is expected for a rotating structure. Actually, such red/blue shifts are also found at the two sides of other structures, such as spicules, and generally taken as evidence of rotational motion (Pike & Mason 1998; Curdt & Tian 2011) . However, a snap shot of the plasma Doppler velocity is still not sufficient to distinguish a rotational motion from other motions. According to the interpretations of Su et al. (2012) and Wedemeyer et al. (2013) , the magnetic structures in solar tornadoes rotate as a whole and the plasma within can move both along magnetic field lines and together with the rotating magnetic field. Panasenco et al. (2013) argued that the apparent rotation of tornado-like prominences is merely caused by oscillation, plasma flow along helical structure or projection effects. Indeed, oscillation in filament/prominences have been widely reported and well studied (e.g. reviews by Lin 2011; Arregui et al. 2012) . It is one of the main processes that could cause the "illusion" of rotation. Counter-streaming flows in filaments (Zirker et al. 1998; Alexander et al. 2013 ) may also result in red/blue shifts in Doppler maps.
The key question here is whether the magnetic structures in tornado-like prominences are indeed rotating. However, the identification of rotational motions of magnetic structures cannot be done in pure imaging data but needs spectroscopic Doppler observations, their evolution, and, ultimately, direct measurements of coronal magnetic field. Oscillation and rotation may cause a similar red/blue pattern in velocity map but a different time evolution.
Oscillation would result in alternate changes in the signs of Doppler velocities on both sides of the rotation axis, whereas rotation leads to persistent velocity pattern. Therefore, contin--5 -uous Doppler measurements with time spanning more than one rotation/oscillation period are essential for the identification. In order to obtain both spatial structure and temporal evolution of the plasma velocity, we proposed a Hinode/EIS observing program which was specially designed to study plasma motions and evolution in tornado-like prominences. The program consists of a sequence of two different observing modes, a scanning mode and a sit-and-stare mode. The former one runs before and after the latter one, which lasts for about three hours. The program was assigned as HOP 0237 1 and performed for the first run during September 9 -16, 2013.
In this paper, we analyze a tornado-like prominence observed at the west limb on 14 September 2013 between 03:02 and 07:28 UT.
Data and data reduction
The EUV Imaging Spectrometer (EIS, Culhane et al. 2007 ) on-board the Hinode satellite provides simultaneous spectroscopic observations in the wavelength ranges 170-210Å
and 250-290Å. The spectral lines located in these two bands cover a temperature interval log T =4.7-7.3. EIS's spectral resolution of 0.0223Å pixel −1 allows us to measure Doppler shifts with a precision in the order of a few km s −1 . The pixel size is about 1 ′′ .
In the EIS scanning mode, a raster image of the 2D region with a FoV of 100 ′′ × 256 ′′ is taken to map the selected part of the solar atmosphere. The 2 ′′ wide slit is used to scan the selected region in 49 steps (i.e. 50 exposures are taken). In the sit-and-stare mode, the spectrograph slit (width: 2 ′′ , length 256 ′′ ) is placed to the center of the previously taken raster to measure time evolution of the spectroscopic parameters in a small sub field of the scanned region. A constant exposure time of 50 s is used for both observing modes.
All EIS data were calibrated with the EIS PREP routine in SolarSoftWare (SSW) using to fit the measured profiles of each pixel. In order to get more robust results we tied the spectral parameters of both components in the following way: the spectral widths of both components had to be equal (both components are emitted by the same ion) and the positions of the centroids of both components were always separated by 0.06Å (difference of the laboratory wavelengths of both components). The Fe xiii 202.04Å is not blended.
Therefore a single Gaussian function was applied here.
The target was also observed in EUV by the Atmospheric Imaging Assembly (AIA, Lemen et al. 2012 ) on board the Solar Dynamics Observatory (SDO). AIA observes the full Sun in ten UV and EUV passbands covering temperatures from ∼5,000 K to ∼20 MK with high temporal cadence (∼12 sec) and pixel size (∼0.6 ′′ ). Here a selected image-set with -7 -24 sec cadence was used to better understand the spatial structure and evolution of the prominence.
3. Results (Fig. 4a,c,e) . These results give strong evidence that the red/blue shifts are not due to oscillation along the LOS but due to rotational motion of the plasma. ≈ 5 ′′ . Considering the angle between the slit and the vertical structure, we here use 4.2 ′′ as the actual amplitude (r * ). Assuming that they are rotating threads in barbs, we can estimate the rotational linear speed v = 2πr * /T ≈ 5 km s −1 . This independent measurement is in good agreement with the varying velocities of 2-5 km s −1 at the two sides of the structure derived from EIS spectra (Fig. 4c f) , giving strong support to the existence of rotating thread-like structures in the prominences. In ideal case, we expect to see clear thread-like -9 -velocity patterns following the motion of each thread in the time-distance maps. In fact, as shown in Figure 4d ,f, such patterns are indeed observed (i.e., the velocities reverse signs from one side to the other along the two green dashed lines), but they lack details possibly due to the lower spatial resolution of EIS, compared to AIA.
Summary and Discussion
With our specially designed observing plan, we obtained not only the velocity map that shows spatially resolved red-shifted and blue-shifted regions, but also the time evolution of plasma velocity in the two regions. The persistent red/blue patterns at the two sides of the tornado-like prominence suggest that the plasma therein is rotating around its center axis.
Moreover, the Doppler velocities are in agreement with that estimated from the periodic motions seen in AIA image sequence. All these results, spatial distribution of plasma velocity, time evolution of plasma velocity, and the evolution of spatially resolved structures, support that the structures are rotating together with the plasma within. Neither oscillation nor counter-streaming flows alone can explain all these aspects. If the magnetic pressure dominates over the plasma pressure (low plasma beta) in the tornado structure, then the results also indicate that the magnetic structures rotate with the emitting plasma, as shown by the simulation in (Wedemeyer-Böhm et al. 2012 ).
The detected rotational motions in barbs are not part of general models for filament formation but give a strong support to the vortex-filament picture. In this new idea, vortex flows on the surface first converge plasma and magnetic field. The motions also twist the magnetic field lines connecting these vortices to form a group of magnetized tornadoes (Fig. 5a,b) . Plasma in the photosphere may be transported upwards into the helical magnetic structures. The vertical parts then become visible on disk as filament barbs and the horizontal part as filament spine, a highly twisted flux rope (Fig. 5c ). With greater and -10 -greater helicity being built up, the system may be unstable and erupt eventually (Fig. 5d, see observations in Su et al. 2012; Wedemeyer et al. 2013) . This is a different approach to form a filament from other models, such as "coronal condensation" (see Liu et al. 2012 , and references therein) and flux rope formation via either magnetic reconnection or flux emergence (see the review in Mackay et al. 2010) . But it is possible that they apply to different types of filaments.
We also found evidence of million-degree plasma in the prominence. The existence of a hot prominence-corona transition region has been proposed long ago (e.g. Engvold et al. 
